Abstract. Measurement of the actual area of details contact is important for control of friction and wear of such details. For this purpose, in particular, on a surface of one of details of couple covered with the thinnest layer of lubricant the thin film of coal is putted. On the raised dust surface impose the second detail of couple and squeeze them the application of normal loading. Light spots of contact are measured by planimetry. Instead of direct (labor-consuming) measurement of a large number of the areas of spots of contacts it is expedient to use integrated determination of the actual area of details -on the power of the beam of light reflected from ledges of a contact surface. The optical scheme of the device is developed, the efficiency of which for implementation is shown. Measurement of the actual area of details contact is important for control of friction and wear of such details. For this purpose, in particular, on a surface of one of details of couple covered with the thinnest layer of lubricant the thin film of coal is putted. On the raised dust surface impose the second detail of couple and squeeze them the application of normal loading. Light spots of contact are measured by planimetry. Instead of direct (labor-consuming) measurement of a large number of the areas of spots of contacts it is expedient to use integrated determination of the actual area of details -on the power of the beam of light reflected from ledges of a contact surface. The optical scheme of the device is developed, the efficiency of which for implementation is shown.
Introduction
At present, measuring the actual contact area of details are a very urgent task, since it largely determines the friction and wear of the details. Nowadays, the following methods for measuring the actual area of contact of surfaces are known: electrical; geometric; adhesive; optic; physicochemical [1] . Of the listed methods, the simplest and most convenient one should recognize adhesion, which is that a thin film of coal is deposited on the surface of one of the piece of a pair coated with a thin layer of lubricant, a second piece ITM Web of Conferences 22, 01014 (2018) https://doi.org/10.1051/itmconf/20182201014 CMES-2018 of a pair is impressed to the evaporated surface and compressed by applying a normal load, light blots of touch measured by planimetration [2] . The disadvantage of the method is low productivity, since it is necessary to measure a large number of areas of contact spots. To eliminate this shortcoming, we proposed an integral method for determining the actual contact area of details by the power of the light beam reflected from the projections of the contact area [3] .
Calculations
To implement the recommended method, we proposed a device whose schematic structure is shown in Fig. 1 . The device contains: 1 -frequency generator, 2 -power amplifier, 3 -LED, a 4 -collimator lens, 5 -detail coated by film, 6 -lens, a 7 -photodetector, 8 -amplifier, 9 -high frequency filter, 10 -computer. The device works as follows. From the generator 1 voltage through the amplifier 2 goes to the LED 3, the output of which produces an alternating luminous flux. LED 3 is in the focus of lens 4, forming a parallel light flux illuminating detail 5. The light flux scattered from the surface of the detail 5 is collected by lens 6 on the photodetector 7, from the output of which the voltage through the amplifier 8 goes to the filter 9, which extinguishes the external illumination of the low frequency of 50 Hz. Then the signal goes to the computer 10, which processes the received information according to the developed algorithm, which will be considered later.
Define the basic characteristics of the device. To do this, it is necessary to determine the radiation power scattered from the surface of the detail 5. Suppose that the film and projections of part 5 reflect light according to Lambert's law (diffuse reflection). Then the power of the light beam reflected from the film entering the lens 6, taking into account [3, 4] , can be found from the expression: 
where I -is the radiation intensity falling on the contact surface covered by the film; S -the area of the detail; T пл -reflection coefficient of the film; τ -loss of light in optics; Ddiameter of lens 6; R -the distance from the contact surface of detail 5 to the lens 6; α -angle between the normal to the contact surface and the direction to the lens 4. Then, the second detail is pressed against the contact surface of the first detail 5 and after deformation of the individual parts of the film, the second detail is removed. The contact surface is again illuminated with light. Then the radiation power reflected from the contact surface after deformation, taking into account [3] , can be represented as: 
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where S в -the area of the projections; S пл -area of the detail occupied by the film; T д -the reflection coefficient of the part corresponding to the reflection coefficient of the projections. Taking into account that S = S в + S пл and expressions (1) and (2), we find the area of the projections:
where P -power of the radiator; S п is the area of the beam illuminating the part.
In order for the light flux from the entire area of the contact surface to completely reach the sensitive area of the photodetector, it is necessary to determine the parameters of the lens and the distance between it and the photodetector. To do this, we determine the lens magnification:
where l фп is the size of the photodetector; l д is the largest detail size.
The distance R can be expressed through the lens magnification and its focal distance f' [4] :
The distance from the lens to the photodetector is:
Taking into account (5), expression (3) takes the form:
Let's find the sensitivity of the method, which is determined by the minimum area of projections that the device can detect. To do this, we use expression (7), in which the power difference P1¬P2 will correspond to the minimum power detected by the photodetector. Then using expression (7) taking into account [4] we obtain:
where g is the threshold sensitivity of the photodetector 7, w is the signal-to-noise ratio; vBandwidth of the device. We estimate the accuracy of the measurement. To this end, we select in the expression (7) parameters that have systematic errors, to which S п , α, T пл , T д , D can be assigned. These parameters can be measured when the instrument is adjusted. The remaining parameters included in expression (7) have random errors. The relative measurement error is found by differentiating expression (7) with respect to parameters that have random errors:
We estimate the parameters entering into (9). As shown in [4] , the errors occurring in (9) ITM Web of Conferences 22, 01014 (2018) https://doi.org/10.1051/itmconf/20182201014 CMES-2018 are respectively equal to: 2 4 4 10 , 10 , 10
Substituting the values of these parameters in (9), we obtain By expression (8), we determine the sensitivity of the device. For the experimental sample, elements with the following parameters were chosen. The source of radiation is a white LED with a power of 50 Lm. The photodetector has a sensitive area of 3x3 mm with a threshold sensitivity of 2.73 * 10 -11 Lm/Hz 0.5 . The condenser forms a beam of 21 mm in diameter on the investigated surface. The magnification of the lens 6 can be found from the expression (4) o . The modulation frequency is chosen to be 5 kHz, and the signal-to-noise ratio w = 10. Coefficient of reflection from the black film T пл = 0.04, and from the detail T д = 0.8. Loss in optics τ = 0.7. Substituting the above parameters in (8), we obtain S вmin ≈ 70 μm 2 . When the emitter power is increased (using a laser), the sensitivity can be significantly increased.
Consider now how information is processed by a computer 10. As a medium for measuring the output voltage and generating a modulating one, we select the Lab View virtual programming environment and as a hardware part for receiving and transmitting data, a sound card.
Generation of the modulating signal is effected by the linear audio output of the computer sound card 10. The procedure for generating this signal passes in two stages. On the first stage, a sinusoidal signal is generated by a component representing itself as a virtual signal generator Simulate Signal. Figure 2 shows that the frequency is set to 5 kHz.
Fig.2. Virtual Generator
At the second stage, the signal is output via the line port of computer 10 via an element like Play Waveform. In this element, you can specify only the device number that will reproduce the signal. The signal from the output of the filter 9 goes to the line input of the computer's audio card 10 and is entered into the program using the standard component Acquuire Sound, which accesses its audio card. Then the signal goes to the amplitude meter -the standard component Tone Measurements Express VI. Lab View. It determines the amplitude of the input signal. The tasks that this component solves, are the search for a single signal with the largest amplitude, or search for a specified frequency range to search for a single signal with the largest amplitude. To perform amplitude measurements, it is necessary to make a reference system. This function allows you to start measuring at any value of the initial signal. Therefore, the following circuit was shown, shown in Figure 6 , performing the position setting to zero. Here, Lab View, by pressing a button, captures data from the bus coming from the amplitude analyzer and stores these values in the Feedback Node component (remembers the last value), and after disabling the button, the data is stored and subtracted from the signal coming from the amplitude analyzer. The overall system of program is shown in Fig.  7 .
After the development and fabrication of the device model, experimental studies were carried out. To do this, samples were made with different contact areas.
These samples were in turn installed in the device instead of detail 5 (Fig. 1) . Using computer 10, the dependence of the voltage of the signal on different contact areas was obtained. The graph of this relationship is shown in Fig. 8 . 
Conclusions
As you can see from Figure 8 , the graph has a fairly linear character, which corresponds to the theoretical positions.
Thus, analytical expressions for calculating the basic parameters of the device were obtained in this paper, its sensitivity and measurement accuracy were determined, a schematic structure of the device and a special program for the computer were developed, a model was developed and the actual contact area of the details was measured.
